Abstract: Ordinary and high performance concrete (OC-C 25/30 and HPC C-50/60) made with fly ash has found numerous applications all over the world since 1970. In Kosovo, fly ash as cement substitution in concrete has not been utilized yet despite the large amount that is produced annually and the positive economical-environment aspects of such technique. This hesitance is due to the lack of experience in the concrete engineering field and because of the chemical composition of Kosovo fly ash, which is classified as non-standard high calcium fly ash (KF). In light of this fact, this study intended to develop further. So, this paper reports the consistency, workability, shrinkage, high and ordinary compressive strength of concrete containing different percentage of non-class high calcium fly ash as Portland cement substitution (first case-Kosovo fly ash KF) comparing results with F class-low calcium fly ash content (second case-Japanese fly ash JF) which is common used as cement replacement.
Introduction


It is well known that coal fly ash is the combustion residue in electrical power plant after the process of producing electrical energy. This substance content aluminosilicate glass modified by the present of large amounts of calcium, magnesium and due to its pozzolanic properties, fly ash is used in cement and concrete production [1, 2] .
In Kosovo, electricity production and its generation is dependent largely based on coal burning power plants. Currently 97% of electrical energy is produced only from coal. Based on reserves of this mine and the state of other resources, it seems that for a long time coal will be the only source of energy for Kosovo, where there is around 1.16 million tons of non-standard produced high calcium fly ash annually [3] . However, it is not utilized at all, comparing to Japan where this is a very common practice. Evaluation of fly ash usage is very critical in terms of saving energy, generating economical benefits and providing solutions for storage problems of the ash Corresponding author: Anjeza Alaj, Ph.D. student, main research field: construction material. and environmental concerns.
The physical properties and chemical compositions of fly ash change due to the type of coal and the factory where the coal was burned. Occasionally, for a specific ash, even daily changes in physical properties and chemical composition can be noticed [4] . Moreover, fly ash is classified intio two broad categories, class F and class C, by ASTM C-618 [5] depending on their chemical composition and the type of coal they are obtained from. Thus based on SiO 2 + Al 2 O 3 + Fe 2 O 3 , class C-SAF ≥ 50% and class F-SAF ≥ 70%. Furthermore, depending on CaO content, fly ash is categorized as high-lime content when the amount of CaO is more than 10% and low-lime when CaO is less than 10% [6] .
Considering the fact that concrete is the most important material of construction industry because of its durability and long service life, therefore due to economic and environmental aspects, it is important to find the most rational way to design concrete [7] . However, still large quantities of cement are used to produce concrete, and it is the most expensive and energy consuming component of concrete [8] . In addition, three billion tons of raw materials are used in D DAVID PUBLISHING Shrinkage, Strength of High and Ordinary Concrete Incorporating Kosovo and Japanese Fly-ash 445 each year for cement production in the world [9] and cement manufacturing is responsible for about 7% of total greenhouses' gas emission in the world [10] . Therefore, recycling waste (in this case fly ash-which highly resembles properties of cement) for producing concrete can support construction sustainability and contribute to the development of the civil engineering area, minimizing the consumption of natural resources and producing more efficient materials [11] .
In this study, the objective is to investigate the difference of non-standard high calcium fly ash (KFH) and low calcium fly ash (JFL), in ordinary C25/30 and high performance C50/60 concrete during short and long term examinations, and at the same time to find out the optimum utilization of fly ash in both cases and drying shrinkage. Combinations of cement with KFH, in different percentages, can promote some reasonable and comparable results in comparison with JFL, which can be used as a pozzolanic material for concrete production for particular destinations, leading to reduced cement usage and cost of concrete while also helping the environmental problems in Kosovo.
Materials Used in the Investigation
Cement
The experiment was conducted in two cases, Kosovo and Japan, where Portland cement PC 20M (S-L) 42.5R was used, which conforms to the current specifications as described in List SFRJ no. 34/85 and 67/86. The chemical compositions are given in Table  1 , where the specific gravity for Kosovo's cement (KC) and Japan's cement (JC) were 3.15 g/cm³ and 3.05 g/cm³ respectively, while specific surface areas were 3,360 cm²/g and 4,140 cm²/g.
Fly Ash
In Kosovo's case, KFH was discharged directly from power plant Kosova B, in Obiliq near Prishtina. In the Japanese case, used JFL was taken from the dump of HitachiNaka power plant, in Ibaraki prefecture. According to ASTM C618 [8] , JFL is classified as low calcium and is obtained from bituminous coal while KFH is classified as high calcium content since it is obtained from lignite coal. The chemical composition and physical properties are listed in Tables 1 and 2 .
Based on standard specifications ASTM C618 [8] depending on chemical compositions, JFL belongs to the class F while KFH does not belong to any of these classes. ASTM [5] , BSI [12] and EN [13] restricted content of the SO 3 , in fly ash 5%, 2.5% and 3.0%. In this case, JFL satisfies this criterion while KFH has failed. Also MgO content, LOI and the remains of fly ash on sieve of 0.200 mm is restricted by ASTM [5] and BSI [12] and EN [13] where both fly ashes satisfied these rules. 
Mixture Proportion and Experimental Program
The investigation of compressive strength was carried out in two cases (Kosovo and Japan), in total with 24 different mix designs (see Table 3 ). In both cases, ordinary C 25/30 and high performance C 50/60 concretes are examined. Cement content in control concrete was 340 kg/m³ and 440 kg/m³ respectively, where the amount was reduced in different mix designs by replacing it with different percentages of fly ash, starting from (10, 15, ..., 50)%. To further develop this experiment, next important step was to determine water content. For control concrete W/C ratio the result was 0.62%; for C 25/30 and 0.41% for C 50/60, it continued around this value for all other mix designs, considering w/ (cement + fly ash). The focus was to obtain quality of concrete to conform the S3 curve based on EN 12350-2, where the slump is determined to be between (100-150) mm. In both cases (Kosovo: M1-M12; Japan: M13-M24), 12 different mix designs were prepared and underwent into testing procedures including control concrete, where the objective was to find out correlation of different percentage content of KFH and JFL in C 25/30 and C 50/60.
All together more than 500 specimens were prepared and cured until examination day based on EN 206-1 and compressive strength results were taken as the average of three readings.
Very sensitive method was applied for drying shrinkage investigation of six mix designs containing different percentages of fly ash (0, 10, 15, …, 30)%. For preparing these very delicate specimens (in terms of dimensions and method), firstly sand was filtered and only particles of 150μ and under were used. Then specimens were put on molds and they were inside an oven drying for 24 hours at 40 ºC. After removing from molds, for two months specimens were cured in water with constant temperature (22 ± 2) ºC, because of the hydration process of cement + fly ash, then for one case 12 empty cylinders went under examination. Six of them were put on ports of shrinkage instrument and the other six were examined for weight loss All of these were set in chamber with constant temperature (22 ± 2) ºC and (60 ± 5) % of relative humidity until results were repeated, which means that examination is finished.
Results and Discussion
Strength Results
The compressive strength results from all tested mortars are shown in Figs. 1-4 . The data shows that the strength of concrete decreases with the increase of fly ash content, and this happens at all ages, in all mixing designs and in both cases.
Comparing results by using KFH and JFL, ordinary concrete C 25/30: 30% of fly ash as cement replacement causes reduction of concrete strength in 3 days for 34% and 81% respectively, as compared to the concrete with pure cement. In 28 days, specimens' . strength for 30% replacement of cement also decreases the strength about 36% and 56% respectively, as compared to the control concrete. Strength reduction in one year was lower as compared to that of early age's values; in Kosovo's case (KFH), strength reduction was 31% while that was about 45% in Japanese case (JFL).
Similar results were achieved after comparing KFH and JFL, high performance concrete C50/60: 30% of cement substitution at examination after 3 days results with 18% and 45% respectively of strength reduction, and at 28 days. 23% and 40%, which are always considered as referent point strength of pure concrete. It is important to mention that the strength was increased continually, therefore after one year in Kosovo's casem 64.8 MPa for 30% KFH content was achieved and same amount of JFL content at 180 days promote strength about 57 Mpa.
JFL satisfies all criteria with KFH where better results were reached in compressive strength. The big difference in the results comparing Japan and Kosovo case has occurred due to the chemical composition and physical properties of JFL and KFH. First reason is the high content of CaO, especially reactive CaO in KFH until 28.44% in comparison with 1.91% of reactive CaO in JFL, which is known as fundamental substance to come to pozzolanic process of fly ash. The second reason is the specific surface of KFH which is more than double compared to JFL, 6,600 cm²/g, 2,950 cm²/g respectively. It seems that the bigger the specific surface is, the easier the development of pozzolanic process is.
Drying Shrinkage
The volume stability is closely related to water content in concrete mass. The total water content of the specimen is directly related to its volume stability and any internal or external moisture migration will influence the shrinkage properties. Speaking strictly, in drying shrinkage, autogenous shrinkage is also included during the drying time. Autogenous or self-desiccation shrinkage will occur as water in capillary pores, consumed by cement hydration process. Therefore, in this study, drying shrinkage and autogenous shrinkage cannot be separated.
Figs. 5-8 show the weight loss and shrinkage as ages increase for both the Japanese and Kosovo case. Because fly ash improves pore structure of concrete, and fly ash mixes shrank less than control concrete at all ages and the difference is considerable. Shrinkage was increased as the amount of cement was increased and relation shrinkage against loss weight explains that fly ash can be used as a shrinkage reducing agent.
This phenomenon is explained after examination of different mix concrete by electronic microscopy (Fig.  9) . From Fig. 9 it can be clearly observed that KFH contributes on clossing large pores, therefore the water was removed very slowly from small pores and the quantity resulted to be very small too. During this process according to capillary stress theory, an increasing internal hydroctatic stress was developed as the capilary pores become smaller [14] . This leads to the higher shrinkage and long process. On the other hand, in JFL content concrete can easy observe large pores where as a result, water is removed fast in large quantities. That's why the shrinkage test during the JFL case was shorter. So, the shrinkage and capillary stress was smaller because of big porosity.
Conclusion
The compressive strength of concrete with different percentage of fly ash increases with the specimens' ages. The same result applies to both cases (KFH and JFL) for C25/30 and C50/60. High calcium fly ash was anticipated with skepticism (high CaO and sulfur contentKosovo case) which can affect volume stability and concrete durability. However, in this study, it was proved that with non-class high calcium fly ash, concrete can reach even better results in compressive strength than that of F class low calcium content.
Drying shrinkage of fly ash specimens was reduced compared to control concrete. According to extensive property of KFH big pores on concrete are closed so the removing small amount of water from fine pores is realized for a long time and it induces high stress and high shrinkage (examination lasted for 61 days). While, JFL shrinkage testing process was shorter because of concrete with large pores helped the water to remove fast, in large amounts without inducing high stress, at the same time the shrinkage was smaller than on KFH case. All of the examination was finished within 26 days.
Replacement of cement by fly ash can fill the pore, which improves compactness, reduce shrinkage and in long term examination is expected to increase more compressive strength. This replacement has positive influence on engineering properties and makes significant contribution toward reducing waste by recycling and reducing natural resource exploitation.
